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Reflux in foot veins is associated with venous
toe and forefoot ulceration
Paul S. van Bemmelen, MD, PhD, Daniel Spivack, MD, and Patrick Kelly, RVT, Philadelphia, Pa
Objective: To determine the prevalence of foot vein incompetence in a group of patients with chronic venous insufficiency
and to assess the association of this, with venous ulceration located on the forefoot.
Methods: A total of 20 consecutive patients (21 limbs) with active or healed venous ulceration was prospectively studied
with duplex ultrasound of the superficial and plantar foot veins. In these, four extremities had venous ulceration involving
the forefoot. Specifically, the superficial venous arch near the metatarsal heads, the foot portion of the great and small
saphenous veins, the anterior arch veins on the foot dorsum, and the plantar veins were interrogated with a 12-MHz
probe.
Results: Reflux was found in 32% of pedal vein segments in CEAP C5, C6 legs, with ulceration involving only the gaiter
area (mean number of incompetent foot segments, 1.6 1.2). Pedal reflux was present in 65% of foot vein segments when
forefoot ulceration was present (mean number of incompetent foot segments, 3.3 1.3). Student t-test for the difference
in the mean number of incompetent foot vein segments was significant (P < .004).
Conclusions: Venous ulceration can affect the forefoot and toe areas and is associated with reflux in the pedal vein
segments. ( J Vasc Surg 2011;53:394-8.)
M
a
u
C
v
f
a
i
d
r
s
t
B
d
w
f
e
w
E
d
m
l
w
s
h
s
c
m
m
t
(
eVenous ulceration is frequently seen near the ankle and
is relatively easy to diagnose when this is the case, but
venous ulceration can affect other areas. According to
Bergqvist,1 9% of foot ulcers are venous in origin. We want
to draw attention to venous ulceration of the toe and
forefoot areas because this may not always be properly
recognized. The clinical significance of reflux in individual
foot veins is not known, but previous authors have demon-
strated that incompetence of the foot-pump mechanism in
the forefoot can be found in ulceration on the dorsum of
the toes and/or forefoot.2 This condition may not be
uncommon, but it has received little attention in the surgi-
cal literature. Dermatologic and pathologic case re-
ports have used the terms: acroangiodermatitis and
pseudo-Kaposi sarcoma to describe this condition. Bleu-
farb3 called it more descriptively, “stasis dermatitis simulat-
ing Kaposi’s disease”.
For vascular surgeons, the term “venous ulceration affect-
ing the forefoot” probably generates more interest. The pur-
pose of the current study was to investigate the prevalence of
foot vein reflux and of forefoot/toe ulceration in a group of
patients with chronic venous insufficiency (CVI) and lower
extremity ulceration and to examine their relation.
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394ATERIAL AND METHODS
Twenty consecutive outpatients (21 extremities) with
ctive (n  17) or recently healed (n  4) lower extremity
lcers due to CVI that is only CEAP classification C5 and
6 were included. We performed the examination of foot-
eins as part of the noninvasive duplex reflux examination
or ulcer patients in our vascular laboratory starting in 2009
nd entered the findings in a databank. The current article
s a retrospective analysis of the prospectively gathered,
epersonalized data and was approved by the institutional
eview board.
Four cases were identified with ulceration on the dor-
um of the forefoot and/or inter-digital area. In two of
hese, active ulceration was also present in the gaiter area.
ilateral forefoot involvement was seen in one patient. A
ocumented history of ipsilateral deep venous thrombosis
as present in two of the four legs with pedal ulceration.
All patients who presented for evaluation or follow-up
or chronic venous problems underwent a detailed duplex
xamination, which included the foot veins. The foot veins
ere imaged with a 12-MHz probe (GE Logiq 9; General
lectric Health Care Systems, Milwaukee, Wisc). A reflux
uration of 0.5 second was used as the upper limit upon
anual compression release of the forefoot and toes, simi-
ar to the threshold value used in other veins.4 The patients
ere examined while seated, with their feet dangling but
upported under the heel. The technologist has to lower
is/her stool as much as possible and raise the patient. A
econd technologist or assistant is required to carefully
ompress the forefoot and toes, while taking care not to
ove the foot. Due to the use of high-frequency probes,
otion artifacts are more detrimental to the image quality
han usual. The foot segments of the great saphenous
GSV), small saphenous (SSV), anterior arch veins (AAVs)
xtending over the foot dorsum, superficial venous arch
SVA), and plantar veins (PVs) were included in the study,
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Volume 53, Number 2 van Bemmelen et al 395and the superficial vein sampling sites are illustrated in
diagram Fig 1. In addition, ultrasound imaging of the dor-
sum of the foot was done to locate incompetent perforating
veins, larger than 1.0 mm. All patients with toe ulceration
underwent measurement of arterial toe pressures in order to
exclude an arterial obstruction component and all had toe
pressures in the normal range. The foot ulcer patients
displayed a lot of variation in height (range, 152-193 cm)
and weight (79-110 kg), but in all cases, their body mass
index was either overweight: 26.7; 29.4, or obese: 34.2.
The ages of these patients were 40, 56, and 76 years.
RESULTS
Reflux in one or more foot veins was found in 18/21
(86%) of limbs. Four limbs, (19%) had severe clinical in-
volvement with active ulceration of the toes or forefoot.
Typical examples are shown in Figs 2 and 3. In contrast to
lymphedema, there is no swelling involving the toes. His-
tology was performed in two of these cases and confirmed
the diagnosis of pseudo-Kaposi sarcoma. The typical micro-
scopic findings are illustrated in Fig 4 and consist of hemo-
siderin deposits, red cell extravasation, capillary prolifera-
tion, and acanthosis. In contrast to true Kaposi sarcoma,
however, there are no neoplastic spindle cells.
Bilateral toe ulcer was seen in one case. The ultrasonic
diameter of the foot veins was not measured in every case,
but overall was found to range between 1.2 mm and 4.3
mm. The reflux findings in the individual foot vein seg-
ments in patient with ankle only (gaiter area) vs foot ulcers
are detailed in the Table. This table shows that the number
of incompetent segments varied from 0 to 5 in feet of
patients with CEAP C5-6 legs. The prevalence of one or
more incompetent foot segments was 65% in legs with
forefoot/toe ulcer vs 32% in legs with gaiter area-only
ulcers. The mean number of incompetent foot vein seg-
ments per foot was 3.3  1.3 in cases with foot ulceration
vs 1.6  1.2 in cases with ulcers only at the ankle level.
Two-tailed t-test was significant (P  .004). In our pa-
Fig 1. The four segments of superficial foot veins that were
examined. In addition, plantar veins on the medial aspect of the
foot were interrogated.tients, no cases of large foot perforating veins were found. 3n the two patients, with a history of deep venous throm-
osis (DVT) in the leg and ulceration of the foot, the
ltrasonic findings were consistent with incomplete recan-
lization of the involved femoral and popliteal segments
nd reflux in these deep vein segments. In three out of four
egs with foot ulcers, incompetent perforating veins were
ound in the calf or ankle with the following diameters: calf
ig 2. A Caucasian patient with hyperpigmentation of the fore-
oot demonstrating white atrophy of the skin at the base of the
econd to fourth toes. The ulcer base on the dorsum of the second
oe is fibrous with minimal fibrinous exudate.
ig 3. African American patient with ulcer at the base of the
econd toe. The ulcer is surrounded by hyperpigmentation and
seudo-Kaposi sarcoma was histologically confirmed..2; ankle 3.3, second case: calf perforators 2.3 mm; 4.1
r
c
n
“
w
n
T
s
t
a
b
r
i
v
C
c
c
c
h
l
o
u
v
S
h
t
fi
l
a
i
v
i
w
t
t
f
u
r
t
c
t
d
a
e
d
l
t
f
d
i
r
p
JOURNAL OF VASCULAR SURGERY
February 2011396 van Bemmelen et almm; 2.8 mm and ankle perforator 1.8 mm and in the
remaining case, only a single calf perforator of 3.4 mm. The
foot ulcers had a very chronic character, with a mean
activity duration prior to the ultrasound of 24 months.
DISCUSSION
This is the first time that duplex ultrasound has con-
firmed the presence of reflux in forefoot veins of patients
with foot ulceration, since the initial report in 1965. Mali5
demonstrated the reflux upon release of forefoot compres-
sion, with the use of strain-gauge plethysmography applied
at the toe level. When duplex ultrasound was first applied to
the venous system, the weight of the heavy mechanical scan
probes and the poor quality of visualization in the near field
(Fresnel zone), precluded a good image of the very super-
ficial dorsal foot veins. With the current technology how-
ever, reliable visualization of foot veins is feasible and easy
to learn for the technologist, but time-consuming. Our
study sought to explore whether including the foot-veins in
the duplex protocol would lead to clinically relevant infor-
mation.
Most classic descriptions of venous ulceration describe
a predilection area in the “gaiter” distribution, typically
near the medial malleolus, therefore, ulcers on the dorsal
aspect of the foot toe area are not always properly recog-
nized as venous in origin. Histologic studies have demon-
strated that some dorsal foot/toe ulcers do have all the
characteristics of venous ulceration, namely hemosiderin
deposits, red cell extravasation, and capillary proliferation.6
Due to their original descriptions by dermatologists and
pathologists, the terms to describe this condition are ac-
roangiodermatitis and pseudo-Kaposi sarcoma, but in ef-
fect, these are venous ulcerations in uncommon sites, such
as the forefoot and toes. The need for biopsy to make the
Fig 4. Histologic findings in biopsies taken from the edge of the
ulcer lesions: hemosiderin (arrow A), extravasation of red cells
(arrow B), capillary proliferation.diagnosis in every case has been questioned, but we would vecommend biopsy as a diagnostic tool in the following
ircumstances: whenever an ulcer bleeds easily, neoplasm
eeds to be excluded. This is especially true for ulcers in
atypical” areas, exposed to ultraviolet light. Likewise,
henever an ulcer is blamed on a vascular etiology, which is
ot supported by the noninvasive studies, biopsy is in order.
he longer the duration of the lesion, including the time
pent prior to seeing the vascular surgeon, the more impor-
ant it becomes to obtain a diagnostic biopsy, before initi-
ting treatment. Once treatment with, for example, Unna
oots has begun, the diagnosis of venous “stasis” is rarely
evisited in a timely fashion.
The more common cause of ulcers on or near the toes
s related to local trauma and skeletal deformities; as a first
ascular test, we would recommend arterial toe pressures.
linically, the differential diagnosis includes dermatologic
onditions such as pigmented purpura, vasculitis, and li-
hen planus. The typical skin lesions of acroangiodermatitis
onsist of macular plaques near the ulcers as opposed to the
yperkeratotic verrucous skin lesions seen in chronic
ymphedema. Hyperpigmentation is a helpful clinical sign
f a venous etiology as illustrated in the figures.
In contrast to their arterial counterpart, the venous toe
lcers do not appear on protruding areas but rather in
alleys, such as interdigital and at the dorsal base of the toe.
ince about half of the patients with chronic venous disease
ave evidence of deep venous recanalization, regardless of
heir history, we use a supine venous ultrasound often as a
rst test in patients with presumed venous ulceration, fol-
owed by a standing duplex to evaluate their valve function.
Foot veins are susceptible to the same pathology that
ffects the leg veins in general, as foot veins are often
nvolved in DVT: according to a study of 188 contrast
enograms done for the indication of suspected DVT,
ncluding pulmonary embolization by Thomas,7 59 or 31%
ere positive for DVT in the foot veins. In 49 legs, the
hrombus was present both above and below the ankle. At
hat time, it was not clear whether clots propagate from the
oot to the calf or vice versa. Unfortunately, current (mainly
ltrasonic) imaging methods do not give any information
egarding the presence or absence of clot in foot veins and
herefore, we do not know if more aggressive treatment of
lots in foot veins would prevent subsequent foot complica-
ions.
Superficial dorsal foot veins can be affected by varicose
egeneration and by direct damage from intravenous drug
buse.8 Furthermore, perforating vein incompetence can
xist at the foot level as well. Although normal perforators
o allow flow from deep to superficial veins to occur,9-11
arge perforating vein incompetence has been described at
he level of the inter-metatarsal perforating veins in the
oot,12 and this has been associated with ulceration on the
orsum of the foot.
According to anatomical studies,9 the number of valves
n foot veins is rather limited, which makes them prone to
eflux: for example, the number of valves in the lateral
lantar veins is only two to three. Valves can be found in
eins of 1 mm or smaller, but the numbers of valves in, for
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Volume 53, Number 2 van Bemmelen et al 397example, the lateral plantar vein is only between one and
two.
Proper diagnosis of venous foot/toe ulcers can have
therapeutic implications: clinical improvement has been
reported by others13 with anti-inflammatory treatment us-
ing erythromycin, dosed at 2 g per day by mouth. We
observed healing of one foot ulcer after local excision of
incompetent dorsal foot veins. Our conservative treatments
for venous insufficiency, namely weekly Unna boot appli-
cation or daily application of the CircAid device (CircAid
Medical Products, Inc, San Diego, Calif), do include the
foot in the compression treatment and seem to have mod-
erate success. Topical treatments typically consist of silver
sulfadiazine 1% initially and are adjusted depending on the
purulence of secretions or the need for enzymatic debride-
ment. Systemic antibiotics were reserved for patients with
signs of generalized infection, which was not seen in pa-
tients with isolated foot ulcers.
Future compression modalities could possibly include
sequential gradient pneumatic compression devices, which
have shown more frequent ulcer healing in a randomized
trial for the treatment of venous insufficiency.14 Although
acroangiodermatitis would appear to be a rare condition
that results in occasional case reports in the dermatologic
literature, we encountered four cases, within a 1-year pe-
riod. Vascular surgeons need to be more familiar with the
skin lesions of pseudo-Kaposi sarcoma or acroangioderma-
titis, because these lesions can occur in various other clinical
situations where venous pressure is increased locally: lesions
on the dorsum of the hand have been reported after place-
ment of dialysis fistulas15–17 (radio-cephalic and brachioce-
phalic) and in the skin overlying a prosthetic access graft.18
Association with congenital arteriovenous malformations19
Table. Reflux presence (0.5 s) in foot segments of 21 le
Leg No. GSV SSV AAV
1 Yes No No
2 Yes Yes Yes
3 No Yes No
4 No Yes No
5 Yes No No
6 No No Yes
7 No No Yes
8 No No Yes
9 No No No
10 Yes No No
11 No No Yes
12 No No No
13 Yes No No
14 No Yes No
15 Yes No No
16 No Yes Yes
17 No No No
18 No No No
19 No No No
20 No No No
21 No Yes Yes
AAV, Anterior arch vein; GSV, great saphenous vein; PV, plantar vein; SSV(Klippel-Trenaunay syndrome) has been reported. Fur- ahermore, similar lesions have been described on above-
nd below-knee amputation stumps, related to the use of
uction-type prostheses20,21 and lastly, these lesions have
een reported in paralytic limbs22 due to increased ve-
ous stasis.
Our study has the weakness that venous toe ulcers are
elatively uncommon and, therefore, it is difficult to accu-
ulate large numbers of acro-dermatitis patients. Inclusion
f other patient groups CEAP C3-C4, patients with local
iscomfort from varicosities on the foot and of normal
olunteers, may lead to better understanding of the relative
mportance of specific foot veins in venous foot ulceration
n future studies. An important general implication of the
xistence of venous ulcerations in atypical locations such as
he toes and even the upper extremities is that further study
ay improve our understanding of the pathways from
ocalized venous hypertension to skin lesions, breakdown,
nd ulceration.
ONCLUSIONS
Reflux commonly occurs in foot vein segments of
EAP C5, C6 legs with ankle ulcers, and without foot/toe
esions, but the presence of multiple refluxing foot vein
egments is often associated with forefoot/toe ulceration.
lthough the therapeutic implications are not fully known,
t may be important to examine foot veins with duplex
ltrasound to distinguish venous ulcers associated with foot
ein incompetence from toe/forefoot lesions due to non-
enous (and nonarterial) causes, such as lymphedema,
hronic trauma, pernio, and other conditions.
The authors thank Adam I. Spivack, MD for the illus-
ration in Fig 1, Heba Durra, MD, pathologist, for Fig 4,
EAP C5-C6
A PV Toe/foot ulcer Ankle ulcer
s Yes Active Active
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s No Absent Healed
s Yes Absent Healed
No Absent Active
s No Absent Active
Yes Absent Active
No Absent Active
No Absent Active
s No Absent Active
s Yes Absent Active
No Absent Active
No Absent Active
No Absent Active
Yes Absent Healed
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